We adopted a device design to observe neutral modes and simultaneously observe the presence of AB interference. Figure 1 shows a schematic of the MZI (lithographic area ~30µm 2 ) with a preceding QPC0 (see SEM image in Fig. S1a ).
The discovery of the fractional quantum Hall effects (FQHE) had launched a four-decade long search for anyonic quasiparticles [1] . Unlike bosons and fermions, these quasiparticles are restricted to exist in only two dimensions. Their exchange statistics [2] is particularly of interest, as they are not expected to follow the ubiquitous Fermi-Dirac or Bose-Einstein statistics. States of the FQHE regime, and the edge modes that they support, are yet to be fully understood. What makes them elusive at times is the presence of different types of neutral modes [3] , which are inert to standard electrical measurements. Indeed, neutral modes have found recently a niche in condensed matter physics; be topological abelian [4] [5] [6] [7] , or, the much sought after, the non-abelian type [4, 8, 9] . It worth mentioning also the non-topological neutral modes that emerge spontaneously due to unexpected edge-reconstruction [10] .
Interference of anyons is one of the stepping-stones needed to establish their exchange statistics. In spite of substantial theoretical work [11] [12] [13] [14] [15] , an observation of anyonic statistics still remains an experimental challenge. To achieve this purpose, electronic interferometers, be it a Mach-Zehnder interferometer (MZI) [16, 17] or a Fabry-Perot interferometer (FPI) [18, 19] , have been realized in the QHE regime. While interference of electrons in the Integer QHE is relatively easy to find, reports on observation of interfering quasiparticles [20, 21] was not universally accepted. Our own efforts to observe quasiparticle interference in a MZI, as the bulk filling factor approached B =1 and lower, failed [22] . In this letter, we prove that proliferation of upstream neutral modes dephases quasiparticle interference. We found a direct correlation between the appearing of neutral modes in a MZI and the disappearing of the Aharonov-Bohm (AB) interference.
Three different GaAs-AlGaAs heterostructures, with 2D areal density n=(0.88- We adopted a device design to observe neutral modes and simultaneously observe the presence of AB interference. Figure 1 shows a schematic of the MZI (lithographic area ~30µm 2 ) with a preceding QPC0 (see SEM image in Fig. S1a ).
Source contacts are labeled S1 and S2, drains D1-D3, cooled preamplifiers A, and grounds G (shorted to the 'cold finger' at ~10mK). Shot noise (in a partitioned QPC0)
is used in the determination of the electron temperature [23] .
The MZI is composed of QPCL and QPCR, serving as beam-splitters, and two outputs, D1 and D2 (here, grounded). The QPCs' gates are ~40nm wide (see SEM image in Fig. S1b ). The modulation-gate (MG) can vary the threaded AB flux in The MZI. The source SN, placed 7µm downstream from the preamplifier, is used to excite an upstream neutral mode (from its hot spot, see Fig. 1 ) [24] .
When the bulk is set to a filling B , the profile of the chiral edge mode can be accessed by scanning the transmission of a QPC (from fully open to fully close). A fully open QPC, as well as the QPC tuned to a conductance plateau, indicate full transmission (and full reflection) of certain edge modes. Since no particles partitioning takes place, the transmitted current is noiseless [23] . However, we found an exceptional behavior in hole-conjugate states, ½< B <1: the conductance plateaus in the transmission of a QPC carry downstream shot noise whose Fano-factor (see below) equals the bulk fractional filling. This type of noise-carrying-plateau had been identified before to result from an excitation of upstream neutral modes in the partly pinched QPC (referred to as noisy-plateau onwards) [25] .
We dwell now on the correlation we found between AB interference and neutral modes. The noisy-plateau will be one of our 'canaries in a coal mine' for indicating the appearance of spontaneous edge-reconstruction, which gave birth to an excited upstream neutral mode. The noisy-plateau is characterized by a Fano factor, F, defined via the spectral density of the current fluctuations (at zero temperature):
S=2FeIt (1-t) , where I the impinging current, t the transmission coefficient of the QPC, and e the electron charge [26] .
We start by monitoring the transmission through QPCL as the bulk filling is lowered from B =2 towards the fractional regime. Simultaneously, the AB interference of the outer-most v=1 edge mode in the MZI is monitored. Considerable AB oscillations were observed as the bulk filling approached B~5 /3 ( Fig. 2c -two top right panels). As obvious in Fig. 2 S3b) . Moving backwards (upstream), the neural modes fragment at the QPC to electron-hole pairs, giving rise to downstream shot noise (Fig. S4 ).
It is important to stress that the appearing of neutral modes at B =1 is not topological, and they are relatively short lived. The thermal conductance of any bulk filling must obey a universal value; being for B = 1 a single quanta of thermal conductance [7] . As the bulk filling is lowered further, entering the 'hole-conjugate regime', the presence of counter-propagating modes (usually, hosting more than a single neutral mode) becomes a 'topological must' [7, 28, 29] . Indeed, the v=1/3 noisyplateau remained prominent (accompanied by more noisy-plateaus) up to bulk filling A natural question can be posed here regarding the particle-like fractional states, where topological edge-reconstruction and neutral modes are not expected. Yet, we found that upstream neutral edge modes are ubiquitous in these states, though they survive over shorter propagating distances (~10µm along a gated [10] or an etched mesa).
We tried to quench the non-topological upstream modes by a variety of 'gatedetched' edges. The source marked as SN (see Fig. 1 ) was used to excite (with DC bias) upstream neutral modes. The excitation energy was provided by the 'hot-spot' at the upstream side of SN [4, 24] . Excited upstream chiral neutral modes were found via an excess-noise measured in D1 (Fig. S5 ) [10] . The measured noise was much feeble than the noise measured under similar conditions at B =2/3, and it vanished at ~90mK. No upstream noise could be measured when the propagating distance was increased to 30µm at the lowest temperature. We failed to quench these modes by sharpening the edge-potential profile by positively biasing a side-gate on the mesa (Fig. S6 ).
With the onset of edge reconstruction at bulk filling B~1 .5, the observed interference in a MZI decays, to fully quench at B =1. The interference does not recover again in the fractional regime, B < 1. This is a direct result of the very existence of neutral modes, be it topological or resulting from edge-reconstruction. 
S3. Direct measurement of upstream neutral mode at = generated in a QPC
We adopted another device with a regular QPC (~200 nm wide) to perform a direct measurement of upstream neutral mode generated in a QPC. experiments) and two upstream neutral modes. This model also satisfies the requirement of thermal conductivity κ = 0 for = 2/3, which is a measure of net number of edge modes in a quantum Hall system and has been verified experimentally [7] .
We extend this model to This model also satisfies κ = 1 for = 1 that has also been verified experimentally [7] . The neutral mode, upon arrival in the QPC and partitioned there, can give rise to downstream shot-noise [26] . This simple model does not quantify the observable shot-noise and does not explain the quantization of the Fano-factor (see main text), but we hope an extension of the 'neutralon' model in ref. [25] can explain them.
S5. Upstream neutral mode at = / along etched mesa over short distance
As has been mentioned in the main text, evidence of upstream neutral mode in particle-like state, 
S6. Side-gate on a mesa to minimize edge-reconstruction in fractional quantum Hall regime by sharpening edge-potential
Here we propose an experiment aimed at sharpening the edge-potential even more than what can usually be obtained at the edge of an etch-defined mesa. The motivation of the proposal is the observation of upstream neutral along etch defined mesa over short distance at = 1/3, possibly due to edge-reconstruction due to soft edge-potential. A sharper edge-potential in such case would lead to minimum, at best, zero edge-reconstruction resulting in abolishment of such short-lived non-topological neutral modes. Equilibration between the two edges after the QPC leads to upstream neutral mode that reaches the QPC. Being partitioned in the QPC to charge modes, the neutral mode generates downstream shot-noise. The origin of the plot is taken at the left mesa boundary of a). A depletion of the 2DEG for the first ~400nm from the mesa-boundary causes due to surface states in the mesa boundary [31] . As Vside-gate is increased, a sharpening of the electron density profile in the right side of the mesa is observed. Vside-gate cannot be increased too much since it will cause occupancy of surface states in the right side of the mesa-wall, causing again a soft edge-potential that one would like to avoid. 
